The dependence of breakup cross sections of 8 B at 65 MeV/nucleon on the target mass number A T is investigated by means of the continuum-discretized coupled-channels method (CDCC) with more reliable distorting potentials than those in the preceding study. The A 1/3 T scaling law of the nuclear breakup cross section is found to be satisfied only in the middle
Introduction
The properties of unstable nuclei are one of the most important subjects in nuclear physics.
The breakup reactions of such short-lived nuclei provide us with much information on their static and dynamical features. The responses to electromagnetic fields of unstable nuclei, which have been intensively studied in particular, are expected to be obtained using breakup reactions induced by a heavy target nucleus such as 208 Pb because of its dominant Coulomb field compared with the nuclear field. Recently, studies of two-neutron halo nuclei, e.g., 6 He and 11 Li, based on this conjecture have been carried out, and B(E1) strengths and spectroscopic factors were evaluated. 1, 2 The extraction of "pure" responses to electromagnetic fields, however, requires an accurate description of the possible nuclear breakup, multistep transitions, and the interference between nuclear and Coulomb breakup amplitudes. The systematic analysis 3 of the breakup reactions of 7 Be, 8 B, and 11 Be with the continuum-discretized coupled-channels method (CDCC) 4 showed that the nuclear breakup cross section σ N was scaled as A
1/3
T , where A T is the target mass number. If the scaling is true, one can evaluate σ N induced by a heavy target such as 208 Pb, from a measured breakup cross section by a Thus, there is a possibility that one can remove the "contamination" due to nuclear breakup from the measured breakup cross section by a heavy target, which is generally due to both nuclear and Coulomb breakup. It was also shown, 3 however, that one could not be free of nuclear-Coulomb (N-C) interference, even if only events corresponding to forward-angle scattering, in which the scattering angle of the center of mass (c.m.) of the projectile is small, are selected. An accurate analysis of the breakup reactions of unstable nuclei with CDCC, therefore, is necessary to draw a quantitative conclusion on B(E1) values and spectroscopic factors. A four-body CDCC 5 analysis of breakup reactions of 6 He and 11 Li is particularly interesting and important.
Before discussing the four-body system, in this study we reinvestigate the breakup reactions of the 8 B nucleus at 65 MeV/nucleon by several target nuclei A, i.e., 12 Be+p+A three-body model. The main purpose of this study is to show some results using more realistic p-A and 7 Be-A optical potentials than those in the preceding study. 3 The A
T scaling law of σ N and N-C interference are investigated. As an interesting point not discussed in ref. 3 , the dependence of N-C interference on the cut off relative energy between the 7 Be and p fragments after breakup is shown here. This paper is constructed as follows. In §2, we describe details of numerical inputs of CDCC. In §3, the results of the present calculation are shown, and the A 1/3 T scaling law of σ N and N-C interference are discussed. Finally, we give a summary in §4.
Numerical Calculation
We follow the formulation of breakup cross sections with CDCC described in ref. used to obtain the S-matrix elements.
We adopt the global optical potential based on Dirac phenomenology (the EDAD1 pa-2/9 rameter) 12 for the distorting potential between p and A. As for the 7 Be-A potential U (R 7 ), we slightly modify the 7 Li global optical potential of Cook, 13 which is appropriate at approximately 10 MeV/nucleon, as
Note that the diffuseness parameters are not changed, and the A T dependence appears only in the radial parameters and the depth of the imaginary part as in the original potential. 13 This potential is found to reproduce quite well the elastic cross sections of 7 Li-12 C at 67.8
MeV/nucleon 14 and of 7 Be-208 Pb at 60.8 MeV/nucleon. 15 
Results and Discussion
First we examine the A 1/3 T scaling law of σ N , which is based on the following two assumptions: 3 1) the partial breakup cross section σ N (L) is localized around the grazing orbital angular momentum, i.e., L g ≡ K A (R P + R T ) with R P (R T ) being the radius of the projectile (target); and 2) the transmission coefficient at L g , T Lg , is independent of the target nuclei.
In Fig Coulomb breakup. The values of L g /K A and
extracted are shown in the second and fourth rows in Table I , respectively. One sees that
T , i.e., 1.4A fact justifies the interpretation of the extracted L g /K A as R P +R T . Namely, the assumption 1)
above is shown to be valid. The corresponding T Lg , however, shows a clear target dependence.
In the middle A T region of 40 ≤ A T ≤ 152, T Lg is almost constant, while T Lg significantly decreases for A T ≤ 16 and A T = 208. This indicates that, in the reactions with a very light or very heavy target, the nuclear absorption at R P +R T due to the imaginary parts of the p-A and 7 Be-A optical potentials is important compared with that in the reactions with middle-heavy targets.
Thus, the A T scaling law is satisfied or not depends on the properties of the distorting potentials used in the CDCC calculation, which dictates the actual A T dependence of T Lg . In order to perform the systematic analysis of the breakup reactions of 11 Be, 7 Be, 6 He, 11 Li, and others with threebody or four-body CDCC, therefore, reliable optical potentials between the constituents of the projectile and the targets are necessary.
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Next, we show in Fig. 3 of N-C interference is less than 10%, together with the corresponding impact parameters b cr , for the seven reactions concerned.
The N-C vanishment at θ 8 ∼ 0 • can be explained as follows. In the upper panel of the relative energy ǫ of the fragments is truncated at a certain small value ǫ 0 . We show in 
Summary
We reinvestigate the nuclear and Coulomb breakup properties of 8 B at 65 MeV/nucleon by the continuum-discretized coupled-channels method (CDCC) with more reliable p-target and 7 Be-target optical potentials than in the foregoing work. 3 The A
1/3
T scaling law of the nuclear breakup cross section σ N , with A T as the target mass number, is found to be satisfied only in the middle-mass region, i.e., 40 < ∼ A T < ∼ 152. The interference between nuclear and Coulomb breakup amplitudes, that is, N-C interference, is very important even at forward angles, For systematic analysis of the breakup reactions of 11 Be, 7 Be, 6 He, 11 Li etc. with CDCC, an accurate evaluation of the optical potentials concerned is necessary.
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